This paper demonstrates the Ruddick's algorithm to utilize atmospheric correction with the hyper-spectral imagery over Chinese turbid lake water obtained by China first hyperspectral imager (HSI) onboard HJ-1A. The paper studies on the sensor characteristics and analyzes the optical properties of turbid lake water in Taihu Lake. Based on consideration about real circumstances, the paper recalibrates parameter of value taken as 1.43. Results indicate that the recalibrated parameter could enhance the algorithm performance and improve the accuracy through comparison with the in situ measurements.
INTRODUCTION
In remote sensing of water color, atmospheric correction of retrieving water apparent optical properties (Lw, Rrs etc.) is a decoupling procedure in water-atmosphere system. The corresponding algorithms have been developed over the past three decades. In the 1980's, Gordon and Clark [1] proposed an original CZCS algorithm of application to open ocean waters based on the single scattering assumption, and later modification accounting for the multiple scatting effects. Later, as the new generation instruments (e.g. SeaWiFS, MODIS) possessed more NIR bands as well as increased radiometric sensitivity, it is possible to derive the aerosol model and an aerosol optical depth by assumption that water-leaving radiances are zero in the NIR spectral range [2] . More recently, because of highly correlated to the anthropic activities, coastal and inland waters by remote sensing is thought to be more important, and thus attracts more interest. Ruddick [3] extended the standard SeaWiFS atmospheric correction algorithm and demonstrated its performance over Belgian turbid coastal waters. Wang and Shi [4] chose alternative zero water-leaving SWIR bands (1240nm and 1640nm) instead in the Gordon's standard algorithm. Hu [5] transferred the atmospheric properties above clear water to the turbid area by "nearest neighbor" method by assuming the type of aerosol does not vary much over relatively small spatial scales.
As for China, there are few water color satellites and especially lacks the ability of remote sensing of inland waters. Yan Bai [6] developed an atmospheric correction algorithm of COCTS, which was the first Chinese ocean color sensor onboard HY-1 launched in 2002. However, there would be a more choice when, on 6th September 2008, China successfully launched the first hyper-spectral sensor onboard HJ-1A, which combined with HJ-1B constitute a micro-satellite constellation of environment disaster monitoring. The hyper-spectral imager (HSI) is an interferometric imaging spectrometer with spectrum range from 0.45um to 0.95um. It possesses 115 bands with averaged bandwidth of 5nm and spatial resolution is 100 meters with a swath of about 50km. The instrument characteristics of high spectrum resolution reveal the potential of researching on an atmospheric correction algorithm to retrieving above-water optical properties for Case II waters.
METHODOLOGY

Algorithm
Here, we consider building the atmospheric correction algorithm based on Ruddick's algorithm for the hyperspectral imager sensed data over lake waters via examining whether the assumptions are applicable to the different circumstances. Chinese lake waters are always turbid with high chlorophyll concentrations or, even more suspended matters, the water-leaving radiances in near-infrared channels are non-zero. Therefore, the assumption of zero water-leaving in NIR bands is not up to the practical situation. The Ruddick's algorithm seems to be more applicable for our inspected regions. The algorithm is based on two assumptions. First, the ratio of total multi-scattering aerosol reflectance at two NIR bands (probably 765 and 865nm) is assumed to be spatially homogeneous in each image, or at least over the subscene of interest. It is based on the fact that, although aerosol concentration can vary considerably over small space scales, the aerosol type can be expected to vary only weakly in space. Second, the ratio of water-leaving reflectance normalized by the downward atmospheric transmittance at two NIR bands(probably 765 and 865nm) is assumed to be spatially homogeneous in each image, or at least over the subscene of interest. The water-leaving reflectance ratio can be set to a default value by considering an ocean color model.
The hyper-spectral imager on HJ-1A covering the spectrum from 0.45um to 0.95um are absent of short-wave infrared bands. Here, we only select seven water color channels, namely band1: 488nm, band2: 532nm, band3: 546nm, band4: 669nm, band5: 678nm, band6: 748nm, band7: 870nm, which are high signal-to-noise ratio to perform atmospheric correction. 748nm and 870nm are used to predict the aerosol contribution to TOA radiance. Combining the Wang's standard algorithm and Ruddick's complemental assumptions, the available relations are summarized as follows: ) and suspended sediment (e.g., 10-80mg/L), as well as frequent phytoplankton blooms. If the default parameters are taken, the aerosol contribution is always overestimated, then resulting in atmospheric correction failures.
Recalibration of the parameter
In this section, we tentatively recalibrate the parameters through the HSI image selected on 9 May 2009 over Taihu Lake water under cloud-free situation. A subscene, which is the main part of Taihu Lake (see Fig. 1 ), is selected as a rectangle box bounded from 31°4 N to 31°19 N and from 119°56 E to 120°15 E. In the image the sun and viewing zenith angels are 20.6° and within 3°, respectively. Two NIR bands at 748nm and 870nm are extracted to output the Rayleigh-corrected reflectances. Whereafter, these values are drawn as a scatter plot shown in Fig. 2 . Clearly, the plot illustrates the linear correlation among two NIR bands. Besides, it also outlines four clusters with different optical properties. In Fig. 2 , we name the classes of subregion I, II, III and IV, representing less turbid water, more turbid water, phytoplankton blooms and lands, which are colored in yellow, gray, green and red correspondingly in Fig. 1 . Subregion IV are the main pixels on the water-land boundary due to geometry correction errors. Subregion III are the pixels stand for phytoplankton blooms. The spectrum of phytoplankton elevates the water spectrum in NIR domain, and the ratio of 870nm to 748nm is approximated to 1.0 or even lager. The subregion I and II respectively share 4.4% and 96.2% of the whole pixels, which mainly consist of water and dominate the optical properties in Taihu Lake. Compared with Ruddick's result (see Fig. 4 in [4] ), Taihu Lake water has strikingly higher reflectances (the lowest values are about 0.04 at 748nm, 870nm), than the coastal reflectances (the highest values are about 0.03 at 765nm and 0.05 at 865nm). The scatter plot reveals the truth that lake water is more turbid than the coastal water, and presumably HSI sensor has lower radiometric sensitivity or limited dynamic range. Hereto, We apply the algorithm to the HSI imagery over the whole Taihu Lake on 9 May 2009 with two parameters input, The resultant water-leaving reflectances at 488nm are shown in Fig. 4 , where black pixels are negative values, denoting algorithm failures. The fault areas amount 11.4% of the total pixels ( 43 . 1 ), while the ratio is 26.5% ( 94 . 1 ) in contrast. The reason is overestimation of aerosol contribution, which are typical instances in case II water. The results confirm that the algorithm performance can be improved when taking the parameter equal to 1.43. Surely, it cannot solve all the cases and apply to the whole lake water such as the northwestern region in Taihu Lake (see Fig.4 ).
RESULTS AND DISCUSSION
Test and results
In order to evaluate the accuracy of the algorithm, a validation with in situ measurements was performed within Taihu Lake. Above-water reflectance spectra were collected on May 2009 (not on 9 May unfortunately). Two ground points locate at ground1 (120.194E, 30.943N) and ground2 (120.216E, 31.074N). As shown in Fig.5 , the results derived from recalibrated parameter are closer to the field measurement. The approaches seem to be more obvious at 546, 669, 678, 870nm than other channels. Moreover, it is found that satellite observed values are systematically lower than in situ data. The errors may be brought in for potential reasons. First, the abnormal lower values at 488nm may caused by the doubtable calibration coefficients at 488nm. Second, field measurement was not carried out on the same day as HSI image data obtained, which must bring in spatial variability in values.
CONCLUSIONS
The Ruddick's atmospheric correction algorithm for hyperspectral imagery for Chinese Lake water has been described and tested here. Ruddick's algorithm makes two supplemental assumptions to the SeaWiFS standard algorithm and brings in two parameters m and . We recalibrate the parameter for the real circumstances, both the sensor characteristics and water optical property. The , consistent ratio of water-leaving reflectance normalized by the downward atmospheric transmittance at two NIR bands (748nm and 870nm) over the subscene, is suggested to be 1.439 in order to decrease failures of atmospheric correction. The final results prove that the recalibrated parameter could improve the algorithm performance. However, it has some flaws due to some objective reasons for us to achieve accuracy. The potential reasons for data disagreements are analyzed and discussed in this paper.
In future, the ongoing work includes investigating the algorithm accuracy and stability for Chinese turbid water. We need apply this method to correct more channels with the goal of developing the advantage of hyper-spectral in observing water color.
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